Introduction
Traditionally, organic solvents are preferred for many types of organic reactions and anhydrous conditions are often important. But this is not a precondition for all types of organic reactions. Alternative reaction media are taking a leading role in the development of efficient and cleaner organic chemistry. In the search for alternative solvents, ionic liquids [1] (ILs) have emerged among the front runners due to their unusual and interesting properties [2] . They exhibit negligible vapor pressure at standard conditions, negating concern over atmospheric emissions. Ionic liquids are a class of neoteric solvents. Some researchers have postulated that due to their characteristic hydrogen bonding ability, ionic liquids can act as a catalyst [3] or as an organocatalyst [4] . Semiempirical computational analysis of the Diels-Alder reactions in protic imidazolium ionic liquids supported this view and concluded that hydrogen bonding of the protic ionic liquids to the dienophile could provide a rationale for the observed Brønsted acid catalysis [5] .
Diels-Alder reactions have been performed in the presence of a Lewis acid in organic solvents [6] , whilst the use of Brønsted bases to catalyze the reaction is a less practiced approach. The Diels-Alder reaction between anthrone and maleimide has been reported [7] in DMF, pyridine or NEt 3 , or in chloroform or dichloromethane after addition of a small amount of NEt 3 These reactions were carried out under strictly anhydrous conditions with various limitations such as the use of hazardous organic solvents, tedious workup and the products formed were yellow in color which required further purification. Polar solvents such as biodegradable alcohols were found to give the Michael adduct [8] . Thus the reaction between anthrone and maleimides was strictly carried out in non polar, hazardous, volatile organic solvents and in presence of external bases. An enantioselective version of this reaction was carried out in hazardous, volatile, organic solvents using external chiral bases [9] . Diels-Alder reactions conducted in the presence of an ionic liquid, where the major function of the IL is to provide Lewis acid species, are known [10] and are quite effective. However, to the best of our knowledge, a DielsAlder reaction of anthrone in presence of an ionic liquid, where major function of IL is to provide Brønsted / Lewis base species, has not been previously investigated. Maleimide adducts, accessible through the DielsAlder reaction, are important synthons. These can be converted to butenolides and α,β-unsaturated γ-lactams (both well-known pharmacophores) by efficient synthetic protocols [16] . Butenolides are encountered frequently in a large number of natural products, especially flavor components and insect sex pheromones [17] . α,β-Unsaturated γ-lactams have been used as precursors for statines [18] and various alkaloids [19] .
In light of the above discussion, it was thought important to undertake the synthesis of maleimide adducts in an IL. It was also thought important to find out whether the IL can play a dual role as solvent and catalyst in the reactions.
Experimental Procedure

General procedures and methods
H and
13 C NMR spectra were recorded on a Bruker ACF300 (300 MHz) spectrometer. Chemical shifts were reported in parts per million (ppm). The residual solvent peak was used as an internal reference. Infrared spectra were recorded on a Shimadzu FTIR-4200 spectrometer. Elemental analyses were recorded on a Euro Vector instrument. All melting points are uncorrected.
Temperatures were recorded in °C.
Typical procedure for IL-catalyzed DielsAlder reaction
To a 10 mL RBF containing 1 g (5.75 mmol) ionic
-and a stirring bar, anthrone 97 mg (0.5 mmol) and N-methylmaleimide 55.5 mg (0.5 mmol) were added in this sequence. The reaction was vigorously stirred at RT under dry conditions and was monitored with TLC. The reaction was completed in 30 min. The reaction mixture was poured into water and the product was filtered and washed with water.
Recycling of Ionic Liquid
-was extracted from the filtrate by dichloromethane. The dichloromethane layer was dried over anhydrous sodium sulfate and filtered. Finally, dichloromethane was removed under vacuum, and the recovered liquid was dried in a vacuum for 6-10 h at 70°C prior to reuse. Ionic liquid was successfully recovered with 5% loss during handling.
Spectral Data for 1-6 Compounds
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Results and Discussion
In this article, we report an ionic liquid, [ -at room temperature without any external base (Scheme 1).
The reactions proceeded smoothly in ionic liquid, 1-butyl-3-methylimidazolium chloride, [bmim]
-, without the need for any additional base catalyst. In this reaction, the ionic liquid played a dual role as solvent and catalyst. The reactions required about 30 min for completion at room temperature. Excellent yields were obtained. The details regarding the time required and yields obtained for adducts 1-6 are given in Table 1 .
The following (Fig. 1 ) possibilities are proposed: (a) proton is abstracted by IL from anthrone and anthrone enolate is formed; (b) the quaternised nitrogen of IL is associated with anthrone enolate through ionic interactions, (A) and orients the diene component for the Diels-Alder reaction with maleimides; (c) it is also proposed that the acidic proton of IL participates through hydrogen bonding to a carbonyl group of maleimide. This could be responsible for activating the dienophile component and making the reaction faster; (d) in the last step, the IL product-complex (B) dissociates and regenerates the unprotonated IL. The ionic liquid could be easily recovered from the reaction, and could be recycled in up to four runs. The use of recycled IL does not significantly alter the yields of products. The purity of the ionic liquids was determined by comparing their 1 H NMR spectra with commercial samples obtained from Fluka.
In conclusion, it is probably the first time that an IL has been employed for the reaction between anthrone and maleimide in which an external base was not required for the generation of the diene component. The faster reaction also suggested the role of hydrogen bonding of the IL with the dienophile component. 
